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Overview Materials and Methods Results
Why Food Waste? Digesters CO n CI US | ONS Digester Gas Production and Composition Volatile Solids Destruction
Food waste is the single largest category of municipal solid waste (MSW) in Cali- Two 30-L acrylic digesters were operated at either mesophilic or thermophilic temperatures, and at a 15- Gas Production Volatile Solids Destruction (VSD) is used to monitor digester stability. VSD is a function of digester
fornia at 5.9 million tons or 16% of total MSW as of 1999 (CIWMB, 1999). Food 10-, and 5- day MCRT during the study. There were a total of four feed cycles, and four sludge draw- . . . . _ _ . . . . . . . . . . ge: Y- . T UIY
waste comes from a variety of So neluding: residential Al indus. ] | . - hour s th N N n ) The main conclusions from this study are as follows: Summary of Parameters Comparing Anaerobic Food Waste Digestion Organic carbon (as represented by chemical or biochemical oxygen demand) is removed in anaerobic digesters through its feed, temperature, and MCRT. Municipal wastewater solids are typically composed of primary sludge
y urces including; residential, commercial, indus own cycles occurring at six hour intervals throughout the day. The sludge drawdown cycle occurred be _ _ _ _ _ . . . _ . T . . . o . . . . . :
trial, schools, restaurants, etc. fore the feed cycle to prevent short-circuiting. The frequency and duration of the feed cycles were ad- e The food waste evaluated during this study is representative of food waste avail- to Anaerobic Municipal Wastewater Solids Digestion conversion Into methane a_nd carbon_ dioxide gas by n_wethanogemc bacteria. Gas prodL_chon IS an indicator of how ngl the an- and thlcken_ed waste activated sludg_e. Primary sludge degrqdes more readily than waste activated
. . ) . . ) . able from restaurants, grocery stores, and produce markets throughout California, aerobic digestion process is performing. Gas production is influenced by the characteristics of the waste stream applied to sludge. By increasing VSD, less residuals are produced, which decreases hauling costs, and more
justed with a programmable two-channel timer. The drawdown cycles were adjusted similarly in order to Th Its of this study d trate that bic di ' f food the digester, digester temperature, and organic loading rate to the digester. For example, fats and greases have a higher gas methane is usually formed
Diverting a portion of food waste from landfills can provide a significant contribu- meet the target MCRT. To maintain the temperatures in the mesophilic and thermophilic digesters at 35 and around the U.S. . © rrelg;u sdo IS SCLIJ y del\Tcongrig q a anae;o '% |gr;]est|on oh_l_oo vC\l/aﬁte can rodu?:tion r’ateg er unit mgss dest’ro ed tr?an roteinsgor carboh dra?es Gés roductil?)n,will A1So b% fluenced b h(?w regdil y '
tion toward achieving EPA, state, and local mandated solid waste diversion goals. °C and 50 °C, respectively, each digester was placed in a water bath with circulating immersion heaters o _ ﬁ'?c el € reCuce ] ( ."’?ys)l’ 210 €16 191 mlgdso%_ e an tf er(l;no- \?vastes are biodg raded y P y ' P y y Throuahout the study at 15-. 10-. and 5-dav MCRTs. VSD in the digesters appeared to stabilize at
The EPA Resource Conservation Challenge (RCC) is a national effort to conserve (VWR International, Inc., 13271-010, West Chester, PA). Digesters and water bath temperatures were * Anaerobic digestion of food waste pulp from the EBMUD food waste process pro- ~ Philic t(ejl_’nper_atun;]es. ompabre }9 mIL:Jnlccllpa wastgyvate_r SOldS |ge|st|on, 100 J ' - . rogimatel 2007 >\:vith e Dl neary900/ but both the rrg o f\g  econhilic dicester
natural resources and energy by managing materials more efficiently. Since food continuously monitored and logged using thermocouples and LabVIEW® Virtual Benchlogger™ soft- vides a higher normalized energy benefit, compared to municipal wastewater sol- ~ Waste digestion has manby dene 11, [Foe nvas%te |g_est|on(]:§ e EMETELIYE 10 15 dav MCRT s 1ss e S 10 s Start S MCRT W%'? o tyntl Oij h pr e of E?&)O/ut oy VSDef r?rlwo Ilq!c_a | etsop t”? '?.35 35
waste is one of the largest waste streams still being sent to landfills, it is a priority ware. The digesters were sealed to be gas tight with silicone sealant, and they were fed food waste pulp ids: composting since it can be done in a smaller foot print, and Is a net energy pro- y s . . 0 1 © consistently above the average rahge o 010 ° - 1or municipal wastewater soflds d
: - : : - : % _ ducer rather than consumer. Table 1 summarizes the parameters comparing food The thermophilic digester showed a steady increase in gas | gestion. Also, the VSD is well above the minimum of 38% required by the EPA 503 regulations for
area for increased diversion. (produced from the EBMUD food waste process) semi-continuously at a set flow rate using a dual-head =010 %ﬁB%WVh er dry ton of food waste applied. =~ . - digesti icipal lids digesti roduction prior to the switch to 10-day MCRT operation. Fluc-| | ' biosolids land application. This indicates that food waste is significantly more biodegradable
peristaltic pump and controller (Masterflex, Cole-Parmer, Chicago, IL). The contents of each digester * 560 1o ' per dryYon of municipal wastewater solids applied. peRGeldEatdieiuthiEaiE eIl B G lycRlell: fuation - gs oduction was observeg 1 both di? esters. Dur. | & 2 | than munic alpv?/astewéter <olids J y J
In addition, diverting food waste from landfills prevents uncontrolled emissions of was mixed continuously with an externally mounted variable-speed DC motor (Dayton Electrical Mfg. e Anaerobic digestion of food waste provides a higher normalized energy benefit at - stable% erpational eriods. the gas roductiongavera led 5, 20 P '
Its breakdown products, including methane—a potent greenhouse gas. Co., 472128, Niles, IL) that turned a stainless steel shaft with two 4-inch diameter impellers. Biogas vol- a 15-day MCRT than at a 10-day MCRT: 4% e (stgndard devpiation 1 ; L/ﬁr) f(I)Jr o hiIi?: "y 5 K I#|~ﬁ ' L3 e St 150 MORT Siart 104 MCRT St S CRT
umes produced by the digesters were measured using wet-tip gas meters (Wet Tip Gas Meter Co., * 90 to 320 KkWh per wet ton of food waste at a 15-day MCRT, or the equiva- Food Waste Digestion Municipal éster and 4 L/hr (standard déviation 0.7 L/hr) for thpe Meso- I S re| oLt W; ;‘, * lo @ nao o & gl
Why Anaerobic Digestion? Nashville, TN) with a digital totalizer that counts 1 unit per 100- mL of gas produced. To measure the di- lent of satisfying the power demand of 800 to 1,400 homes per year at 100 Wastewater ghilic (;Ii ester ' g 4__.’:\-’ g »° ¢ | ‘.& ‘W», | #% g WIR TR s & :& ,/A—"—'M
Currently, only about 2.5% of food waste is recycled nationwide with the principal gester sludge pH in situ, an 8-inch probe connected to an Orion 230A portable pH meter was inserted tons of food waste per day. o Solids P J ' |8 p- *‘; e *; J Radd *.3:,' o le |l {3 A
technology being composting. Composting is an important process that produces through a sampling port on the lid of the digesters. + 130 to 270 kWh per wet ton of food waste at a 10-day MCRT, or the Parametel Units Digestion | T o g ¥ o ) ¢ i -
: . . . o _ Compared to the average gas production of 1.3 L/hr at a 15- e —teS et P - o WL e T L e o Themo Teat
a very valuable soil amendment— compost. However, with the increased focus on equivalent of satisfying the power demand of 550 to 1,200 homes per year 15-day MCRT | 10-day MCRT | 15-day MCRT . . . . i T A o T 3w O® £ —— D m——
: L . : . : - : * day MCRT from a previous EBMUD digestion pilot study feed- {re $ 14 a <0
alternative energy, anaerobic digestion is an ideal preliminary step to composting. at100 tons of food waste per day. Meso Thermo | Meso Thermo Meso® ing municipal wastewater solids, food waste provides over a f 2 NoTES: |
Preparation of Feed ' ' ' ' ' = : . : : " . : 1?!25!06 129008 122306 4607 4007 2307 24707 307 347I07 N "EPA 503 Regulations Minimum 38% | ;ig:\;gfsg?e;alues .
o o _ _ rep | | | e Food waste contains more biodegradable SO!IdS, with a higher VS/TS percentage VS (as percent of TS), o %6 3 - 20 0 00 6 - 3 fold increase in gas production. Based on the data in this o ) ot S
Anaerobic digestion is a process that, in the absence of oxygen, converts organic Five-gallon buckets of the final processed food waste slurry (called pulp) being fed to EBMUD’s full- (86% to 90%) than municipal wastewater solids (70% to 80%). Feed studv. aas production appears to increase when anaerobic di- P
carbon into carbon dioxide (CO2) and methane (CH4)- biogas, which can be used scale digesters were collected weekly and stored in a refrigerator (maintained at approximately 4 to 8 VS Loadine. Feed Ib/ft-day | 028 029 053 054 0 2@ gestg’rg arepoperated atptlzermophilic rather than mesophilic Figure 4. Anaerobic Food Waste Digester Gas Production 2
as an energy source. In addition, anaerobic digestion breaks down solids which °C) for feed to the bench-scale digesters. The food waste evaluated during this study is representative of i i is hi i i = o _ — a) . . . . 10
Jy . J ) | J J y IS Tepreset » Volatile solids destroyed (VSD) is higher for food waste when anaerobically di- COD Loading, Feed b/f-day | 055 057 | 1.09 111 0.06-0.3% temperatures, which may be attributed to the higher growth rate of the methanogens at higher temperatures.
reduces the end residual product. After recovering the energy value of food waste food waste available from restaurants, grocery stores, and produce markets throughout California, and gested (74 to 81%) than for municipal wastewater solids when anaerobically di- - : - - — 0 . . . . . . . .
and reducing the volume, the residual can — around the U.S. Food waste was collected from local restaurants, grocery stores, and other food han- gested (57%), and much higher than the 38% VSD required by the EPA's 503 VSD 7o 38 808 | 764 824 38-57% 10-day MCRT e IR o mamM T 28 ¥ MW O®W BF
be transported to a compost facility, proc- Anaerobic dlgegtlon - dling facilities that source separate food waste, and then pre-processed by a local waste hauler. Regulations for land application. Methane (CHy) o 64 67 59 60 63 1ay . . _ Target MCRT, Mesophilic Digester Thermophilic Digester | | | — |
essed and returned to soil. This creates g |- Reduces volatile organic compounds Content | - During stable operational periods, the gas production days Methane (CHy), % Methane (CH,), % Figure 6. Anaerobic Food Waste Digester Volatile Solids Destruction
S Q) i i i . . : - 3 iati AVG SD AVG SD
cradle to cradle, sustainable process. (VOC’s) if used prior to composting The pre-processing included: screening to remove larger Ewm T | « Since food waste is more readily biodegradable (i.e., with higher VS/TS and VSD) :;iﬂmf_ P‘(“Rd““",?“ ft'/1b TS 13300 9,500 | 10,000 %Veerﬁ?)eﬂiﬁf dli‘/ehsftésrt:p]gai%dLe/;]/'ra(t;?gn%j':rlalggvggtrig:]e T 7 0.6 &7 6.1
. objects, a magnet to remove ferrous metals, and grinding NSVPR kil B than municipal wastewater solids, a 10-day MCRT could be used rather than the AT 'pphed | (9.800-17.000) | (6,600-14400)" | (7,200-12,600) i > i di 10 59 3.5 60 4.4 » ° °
. . Produces biogas that can be used for : : : b a P b y _ SeH _ _ 2 per dav/ 0.8 L/hr) for the mesophilic digester. Average gas pro- - - L — T— Sarisa
Why Wastewater Treatment Facilities? to reduce particle size. After delivery of the pre-processed Aonpis [ 520 O minimum of 15-days for municipal wastewater solids anaerobic digestion. This i ) > 75 duction increased during the 10-day MCRT operational [wos— = = = = Total Solids and Volatile Solids S - | oo
Wastewater treatment facilities have energy food waste by the hauler to EBMUD, the waste was slur-| fessuis (M| acyieCyinge hat food Moo &l e 1,000 ft 2,300 2,600 120 . J y 9P O Gmaverae value | . . ' ,
SN - - " - | ot Sea means that food waste digestion also results in halt the biosolids produce digester | (1,100-3.200) | (1.800-3.800) (550-930) period, compared to the 15-day MCRT period, resulting ge value. Total solids (TS) and volatile solids (VS) are|  « IO . P
successfully used anaerobic digestion for _ _ _ ried for pumping and underwent additional on-site process- 1=/ (residual solids) compared to anaerobically digesting municipal wastewater solids = | - '- Y o ' . . . ! 2. SD=standard deviation. . o | . : T ]V T NN VS
L . . Reduces solids prior to transporting to . . {7 P y dig g P : volume from an increase in organic loading to the 3. NA=Not Applicable because only one data point was observed during stable period both used to monitor the solids content (as - |
many years to treat solids in municipal > INng to remove more contaminants. A Residuals (Mass of . | | - . Y %
. a compost facilit AV €s1cuals (Mass o dlgesters. Table 3 . Bench-scale Anaerobic Food Waste Digester Methane Gas Composition a mass percent of the dlgester feed, and
wastewater and produce beneficial end P 4 — ™ s L e Stable anaerobic digestion of food waste at both mesophilic and thermophilic Biosolids Produced) as o . . . the digester contents. Percent VS repre- e m—
products: methane gas and fertilizer. In The on-site processing (EBMUD food waste process— ” temperatures provides more gas production (6 to 8.5 ft3 CH4/Ib TS applied) a Percent of Feed : 0 . . e o 5-day MCRT sents%he organic, or biodegradable feaction %l ¢ e
California, approximately 137 wastewater treatment plants have anaerobic digest- patent pending) included pumping the food waste slurry than digestion of municioal wastewater solids (5 ft:3 CH4/Ib TS applied Applied. e - s ! . . f Fo
ers for treating sludge, with an estimated excess capacity of 15-30%. This excess through a rock trap and grinder to remove any remaining | | 9 P ( pplied). N Gas production first mcrgased sharply and then dropped qff sharply When both thermo.p_hlllc.: and mesophilic digesters were op- of the_feed. VS, combined with the MCRT \“( Vil
capacity could provide a potent recycling opportunity for post-consumer food large debris, and then passing the food waste slurry L . L _ , 1. Based on data from previous EBMUD bench-scale pilot study. Digesters were fed thickened waste activated sludge e_rated at a 5-day MCRT; although gas productlon was typically higher in the thermophlllc digester compared to the mesophilic aqd dlgestgr volume, can pe used to det(_er- riricoa e per
! - . . e Anaerobic digestion of food waste can occur at significantly higher VS loading and screened primary shudge. digester. The lower gas production was likely due to the methanogens growth rate being too slow for the 5-day MCRT, result- mine the digester VS loading rate. The dif- et
waste. through a paddle finisher to remove grit and smaller debrs, (0.53 Ib/ ft3-day) and COD loading (1.1 Ib/ ft3-day) rates than typically seen for 2. Maximum recommended loading rate, WEF MOP 8. ing in a washout of methanogens ference between TS and VS is referred to sox
such as plastics, rubber bands, and chopsticks. The padale ==l [ WS municipal wastewater solids (0.1 to 0.2 Ib VS/ ft3-day and 0.06 t0 0.3 Ib COD/ ft3- | . ppa roa s commended loading rafe, Vb, 3 Bdiwon. ., | ) JEs as inert solids that pass through the diges-
Wastewater treatment facilities are ideal to anaerobically digest food waste be- finisher is composed of 2-4 paddles that rotate along the in- day) ' ' ' - 4 Eii;‘ Cg; E;%ﬁgfEf;l;;lﬁ;fnaEﬂﬂti;iﬂﬁi average i 57% from EBMUD bench-scale pilot study. Digester Gas Composition o e P 9 g “viose  waw  mowe  amer  umwr @ | zowm swer st
cause. The facilities are alreadv permitted as solid waste facilities gldeenllin2thrr?£;fﬁz>gl[?odrrlsc?cl) St(r:]reees?z’ew(l;[heal?,ﬁos c())l;)8|86bSeme(;(h “0.L Digeste R ector | Table 1. Summary of Parameters Comparing Anaerobiuc Food Waste Digestion to Anaerobic Municipal Wastewater Sol- Dugring methanogengsis, methane (CH4) and carbon dioxide (COZ) make up almost all of the digester gas produced. Combin- P | Figure 7. Anaerobic Food Waste Di;a:ster VSITS
' : y P : : - " Penings, Pening . . . | e Food waste digestion results in a nearly 3 times higher methane gas yield per di- ~ 'ds Pigestion. ing methane and carbon dioxide usually accounts for nearly 99% or more of the digester gas content, with methane at about The VS in the digester effluent is used to
. Most digesters currently have excess capacity that is not being utilized plored. Figure 2. Bench-scale Anaerobic Food Waste Digester Schematic : . . . . . .
1 : - - : : gester volume at both 15-day (2,300 ft3 CH4/1000 ft3 digester volume) and10- day 60-65% and carbon dioxide at about 35-40%. The methane and carbon dioxide concentrations can be used as an indicator of calculate the VS removed or destroyed. TS and VS, along with MCRT and digester volume, can also
. Facilities are located in urban areas, providing a solution for Soft biodegradeable materials are pushed and extruded . . . - . . . i e . . . -~ o
- - 1 ot o - MCRT (2,600 ft3 CH4/1,000 ft3 digester volume) operation compared to that of digester process stability. During the 15-day MCRT operational period, both mesophilic and thermophilic digesters produced be used to determine the residual biomass remaining after digestion.
through the screen. After passing through the screen this material is called “pulp” . The harder materials, . : . . : . . . . .
: : : : : « . : municipal wastewater solids digestion (750 ft3 CH4/1,000 ft3 digester volume) at a gas with a higher methane content than during the shorter MCRT periods, which suggests that a longer MCRT allows larger
: ﬁ%@ %%‘21%% tga\ﬂtp%%%ﬁﬂp%%ﬂ%ilities ‘e not feasible which are not extrudable through the screen openings, is called “pomace.” The pomace is transported 15-day MCRT methanoaen nobulations to ontimize methane broduction
. Digestion expertise IS aelrea yavaila ﬁe onsite by the paddles down the inside length of the screen and pushed out of the finisher. The pulp was ' gen pop P P '
. Effluent produced can be recycled through treatment facility pumped to EBMUD’s anaerobic digesters and the pomace was trucked to a landfill, but might be recy- _ _ _ _
cled with a dry digester (producing more methane gas for electricity generation), gasification (producing Mean Cell Residence Time Chemical Oxygen Demand (COD) Loading Rate |
At the East Bay Municipal Utility District's (EBMUD) Main Wastewater Treatment a synthetic gas for electricity generation and less residual solids), or some other process. The mean cell residence time (MCRT) is the theoretical average time a bacterial cell remains in a digester. The MCRT is a The COD loading rate was monitored to determm_e the organic strength of To maintain a healthy population of methanogens, the pH in an anaerobic digester is typically
Plant (MWWTP), food waste is currently co-digested with primary and secondary key parameter that is used to control process stability and determine the required digester volume. Longer MCRTs gener- food waste, and then was compared to the organic strength of municipal maintained between 7 and 7.5. The pH is maintained by a balance between the acetogens and
municipal wastewater solids and other high-strength wastes. Due to the limitations The EBMUD process requires that all food waste materials be small enough so that the slurry can be ally result in a more stable process and a higher degree of solids stabilization; however, this requires larger digesters and wastewqte_r solids. The COD _Ioadl_ng rqte IS comparal_ole to VS loading rate. methanogens. Acetogens produce acid, and methanogens consume acid (increasing alkalinity)
at full-scale, and risks of overloading digesters, it has been difficult to accurately pumped through the process, therefore, some form of material size reduction prior to the EBMUD proc- greater capital funding. Therefore, a tradeoff exists between process stability and capital costs. In the municipal wastewa- For r_nun|C|paI Wastewe_ater solids dlgeSUOD, COD |0?d|n9 rates can l_ae used to to produce methane gas. Therefore, if the acetogens outpace the methanogens, the pH will
guantify methane gas production rates, mean cell residence time (MCRT) require- ess may be necessary. The process is shown schematically in Figure 2. The pulp produced during this ter treatment industry, the minimum MCRT for an anaerobic digester is 15 days to meet the Class B requirements of the /, monitor and prevent dlge_ster upset, pOSSlbly resultl_ng from ammonia and/or drop, which can inhibit methanogens, and ultimately lead to an upset, or ‘sour’ digester.
ments, and volatile solids reduction values F==g = study was sampled and fed to the bench-scale digesters (see Gray (Gabb), et. al., 2008). 503 regulations. A other compounds found in wastewater solids reaching toxic levels due to
that are specific to food waste digestion. L o pr Ciears o Rasead 131406 _ ey Rt VANTARIT GG Tt R 3507 higher feed rates. The means to anticipate a significant pH drop is to monitor digester sludge volatile acids, alka-
Bench-scale anaerobic digesters were fed [ T e 3 Sampling Food waste is composed of organic material that are readily bio- _ _ _ _ linity, and gas quality and production, which is discussed in subsequent sections. pH is not a
only food waste pulp from EBMUD’s food - | During the effluent discharge cycle, the digester sludge was collected in sample containers for analysis. degradable. Municipal wastewater solids contain human waste COD loading rate was calculated using the following equation: sensitive monitoring process parameter, as a significant change may indicate it is too late to
waste processing system. The digesters Gas samples were collected in glass syringes with a luer lock connection from the digester gas line to that has already decomposed to a certain degree and is more re- makeadjustments to stabilize digester operation, and will most likely require a long period of
were operated at both mesophilic and the wet-tip gas meter. sistant to further degradation. Because food waste is more biode- | || - CODload (lb/ ft3-day) = CODfeed (ma/L) X Feed Rate (L/day) x ﬂgggg%gﬁ%‘;"ision Factor) time to recover. -
thermophilic temperatures, at 15-, 10-, gradable than municipal wastewater solids, operating digesters 5 s
and 5-day MCRTSs. In addition, anaerobic | Laboratory Analysis fed only food waste at shorter MCRTs should be feasible. The : ) i i For most of the study, the pH| “T
food waste digestion was compared with Feed and digester sludge samples were analyzed by the EBMUD Laboratory for total alkalinity benchmark 15-day MCRT was included in this study as a refer- N o MCRT Sartigd Start 5d MCRT remained in a stable operat- | | e oy e
anaerobic municipal wastewater solids di- : -2 71 Y (Standard Methods (SM), vol. 18, 2320B); total volatile acids (SM, vol. 18, 5560C); total ammonia (EPA ence for comparison to the digestion of municipal wastewater sol- ; . e ing range between 7 and 8, :
gestion to demonstrate the benefits of Figure 1. Food waste delivery to the East Bay Munici- 350.2/SM, vol. 20, 4500); total solids and volatile solids (SM, vol.18, 2540B, 2540 G/ EPA 160.3, 160.4); Ids, but 10- and 5-day MCRTs were also investigated to determine h which was consistent with 5 18 D e o o 2 M
food waste digestion at wastewater treat- pal Utility District's wastewater treatment plant. The COD (SM, vol. 18, 5220D); fecal coliform (SM, vol. 18, 9221E); and gas composition (SM, vol. 18 the minimum MCRT required for food waste. the average pH of 7.44 dur- oo N/ " " & '
food waste is collected by a hauler and pre-processed ’ e ) . L ’ ’ . L ’ . | | | | | | | ' s . —=— Thermo Test _ _ : 57 ' b i ; B usiclis
ment plants by screening, grinding, and removing metal pieces. A 2720C) More SpeCIfIC Informatlon on the analytlcal methOdS can be found In the Quallty Assurance PI‘O- 11/25/06 12/9/06 12123106 1/6/07 1/20/07 2/3107 2117/07 3/3/07 3/17/07 .:.g' = —— Meso Test |ng preV|OUS EBMUD benCh' | "Q' '| ' A
typical delivery is approximately 20 tons total weight. ject Plan (QAPP). The equation used to calculate MCRT is as follows: Date 5 /\ / scale anaerobic digestion 65 | ; .L . & : —
MCRT, days = Active digester volume , L Figure 3. Anaerobic Food Waste Digester Mean Cell Residence Time :“; 15 ¥ studies. There were a few * > l'"" ..I .‘; ik e
Key digester design and operating criteria investigated included: References Daily digester sludge volume wasted, L/day : occurrences when the di- = : '0.,‘ '*.'?r. A previous EBMUD.
‘A California Integrated Waste Management Board. (1999) Statewide Waste Characterization Study 3 P '3” [y | =
* Minimum MCRT. Results and Final Report. | S Target MCRT, Mesophilic Digester MICRT, Thermophilic Digester MCRT, g 19 TR gester pH_dro_pp(_ed signif R <8
Gray (Gabb), D.M.D. and Hake, J.M.. (2004) Pathogen Destruction Efficiency in High- davs davs davs Cant|y, which indicated un- *
¢ \/olatile solids and chemical oxygen demand (COD) IOading rates. Gray'[%rggﬁ)r:’:lgjlrl\eﬂ.BII?eSSJL(;?.P\./\\]/?tZ;dE r(]:\ﬂir(e)r?’mhi_nlj_F\E;;(e)ggcgrigl;ngr?g?gr; Sgraolgto?)g\ljvlill\sﬂt-ezé at - AVG ' sSD AVG T SD - ;\ p Stable Operati_on and r_e' 51.10125I06 12906 122306  US07 42007 2307 2M7I07 w307 3707
Wastewater Treatment Plant. BioCycle, 49, 1, 53-58. 15 15 6 1 2 147 1 2 | \ / \ );5;", Typical Municipal Digester Range: 0.06 to 0.3 Ib COD/ft-day" quired restarting the digest- Date
¢ \/olatile solids destruction. Metcz\i(lgri:El\jligér:invs_.Igﬁﬁosgr}[/\g%s;’e\%\ﬁfzg’ngglde:r(;??:;d'grrz?téneegnutlZtri]glnlze(g?:eR()z.lth ed.). New 1;] 1[].1 []E 0 9 .[]I'.- i " ers with new seed Sludge | Figure 9. Anaerobic Food Waste Digester pH
Suto, P., Gray (Gabb), D.M.D,, Larsen, E., and Hake, J.M.. (2006) Innovative Anaerobic s - 3 IDI'?* _'% 1:3.:3 01.952 —— T = o e — from EBMUD’s full-scale di-
. i ; i i i . ; ; ; 5 5 11/25/20 1 06 12/23/2006 1/6/200 1120720 213120 1171 1312007 (1712007
e Methane gas pl’OdUCtIOﬂ rates. Digestion Investigation of Fats, Qils, and Grease. WEF Biosolids and Residuals Conference — 2, s i 2.2 , 4R ) S L e gesters.
5 gig&%%gergiegnr: Efoll\J/lrl‘;?ct:Ii%gl(vv\\Es{:t)e \?vg?etrh%é\gt]r?]réﬁtlnPi\?m?seatﬂfecdl.\glIvl\ilglglrll/?:r:i ;’f‘;%%ctice N 1 _-F'U-,-’E}=a1.-‘erage 1-'311_11e_. Figure 5. Food waste being unloaded at the EBMUD Treatment Plant Figure 8. Anaerobic Food Waste Digester COD Loading Rate
e Process stability. ASCE Manual and Report on Engineering Practice No. 76. Volume 3. Virginia: WEF. 2. 5D= standard deviation.
Shang, Y, Soroushian, F., Whitman, E.J., and Zhang, Z. (2006) Co-digestion- Potential Increase Table 2. Bench-scale Anaerobic Food Waste Digester MCRT Summary.
o o ] of Renewable Energy Production from Waste for California. Presented at the Annual California
e Thermophilic and mesophilic operating temperatures. Water Environment Association Conference, Sacramento, CA. D
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